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ABSTRA CT ST s .
o . This bandbook is intended as a guide for engineers,
archit ects, and individwals familiar vith heating and ventilating
applicitions vho wish to desdign a solar heating,system for a = : _
resident a1 or spalld commercial-Huilding' in the Pacific Coast Regidn,
wimate of the region is discussed by selected citles in" terms of =
"<t of climate om solar leating requirements. The four states
covare Mre Cilifornmia, Oregon, Washington, &nd Arizopa. Presented in
detail ate the desian parameters and perforaance characteristics of.
liquid space leating systess of the active type usipg flat plate .. '
collectors, witer heat storage, and forced air distribution; active
air space heating systems using flat plate collectors, rock-bed
storage, and foxced air distribution; and domestic hot water ' heaters
of the active t7ype using liquid-cooled flat. plate collectors. The
analyses are based on hour-by-hour computer.simulations'using acteal.
veather datas from sir selected“cities. The collector area required -
for the three types of active systems has been determined as vell as,
the effect of chamges in all ‘the design parameters, 2 simple, .

empirical, monthly solar-load ratio method for determining collector

area is described amd results are presented for 13 additional

locations witiinm the region, Swimming pool heaters are described ‘ ;
briefly, and passive space heating systems are discussed o .
qual it atively in terus of a number of successful designs. (Author)
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Alamos, New Mexico. The general

_tion of the project, as well as most of th 5

_technical writing, has been by J. Douglas
Balcqmb... The greater part of the
‘technical, analysis was performed by
Jomes C. Hedstrom with the assistance
of Hugh S. Murray. Rewriting: Stanley
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-systems



g stat«es mveregi are Cahfémm Dregon, Washmgton an_d‘,

£ (1) ,liqliid space‘ lleating systems of thé ﬁctive typg

rc!rs, rock-bed storage; and forced air distribution; and 3)

: damétm hot water heaters of the active type using liquid-cooled -
flat ﬁlate collectors. The analyses are bised on hour- by hour com-

puter simulations using actual weather date from six selected
cities. The collector area required for the three types of active

systems has been determined as well as the effect of changes in all.

the des:g’n parameters. -A simple, empmca] ‘monthly solar-load
ratio method for determining collector area is described and results
are presented for 13 additional locations within the region. -

- Swimming pool heaters are described briefly, and passive space
heatilyg systems are discussed qualltatlvely in terms of a number of
successful designs. .

- ‘

v_ﬁé v FVEEl i .
cf ﬂ:e ‘effect clf cllmate on s:alar heatmg requuement:a, The ﬁ:u;r -

collectora, water heat storage, and forced air dis-
active air space heating systems using flat plate”
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Much of the mforméhon preserated
~ here is relahvely techni
. use pnmsnly t@ arcl‘ht cts, ccmtractors

8.in heating, ven:

tﬂatmg, and air- condltmmng It may be
‘of use to the "do-it-yourself" owner-
builder with a sufficient technical
background. :

A great deal of design n;(ormatxon on
solar heating systems is currently

available. New "how-to" books are ap- .

pearing all the time. Solar hardware is

bemg manufactured by a number of com-

panies in the United States and abroad.

We éstimate thét there will b‘e 1 DOO to

try alone by the end of 19’76
{ Although design pnnclples of - solar
heating are. now widely understood,
current literature does not provide quan-
titative descriptions of the thermal in-
teraction of the solar heating system
components. This type of analysis is
relatively complicated and is highly
dependent on the weather patterns in the
locality where the system is to be used
- and involves sxmulatml/l of solar perfor-
mance from hourly /solar radiation
records on a digital camputer This has
hardly been a practical approach for the
individual builder. v
The handbook supplies this type of
quantitative analysis for the Pacific
Region. With it, the designer can deter-
mine collector and storage size and other
important design parameters proper to
the building's locality without an in-
dividualized computer simulation.
The emphasis of the handbook is on
what have come to be called "active"
systems. No quantitative analyses are of-

“The aim of } s g8 aid jn -
the pmper chmce nf collector sxze, gtorage
size, and other important design
'pgce heatmg or; ‘

hni¢al and will be of .

s

fered here for passzve" syst;ems Tlus is -
“ir_part because quantxtatxve ailalysxs of

‘EEthEH_V syst_ems is_ rebsonahl : wel

”i}‘

defined as a "standard" system of €it| ér -

- kind during this- early pericd of the

Adevelnpment af sclar technp]ogy An ac-

1 . nsidered to

consist of a hqmﬁr alrscmléd ‘metal
fl it plate collector with a storage tank or
rock bed and with forced air or liquid dis-

“tribution systems connecting the solar
collector to the heat storage area and liv-

ing space. Certain elements of hardware, -
notably collectors, are coml‘nermally
available foractive systems and speak for
a degree of standardization at the present
time, It is upon these notions that the -
term "standard" used in the handbook 4 s
based. .. .

By contrast, the passwe appmach
solar heating is almoést as varied .as the
individual buildings themselves, and itis
not yet™possible—if even desirable—to
call any e passive approach. "stan-
dard." However, a section on the passive
use of solar energy has been included in
the handbook in the intefests of com-
prehensiveness. It is hoped thereby that

liquid and air systems of the active type ~

will not be taken as the standard for all -
solar energy systems, simply because
they are more easily subject to quan-
titative analysis, or more closely resem- -
ble conventional heatmg systems in cer-
tain respects.

For similar reasons, brief discussions of
swimming pool heaters, heat pumps,
reflectors, etc., have been included in the
handbook. These-are economically feasi-
ble uses of solar energy at the present
time, although _detailed quantitative
analyses of performance data are not yet
available,



-~ presgnted

The greater bulk ef mfermetmn o
-« " designer feeed wrth a epeerFe preblem in

" “an active'space heating or-domestic. hot

water system, and some mdleatmn at_ .
~ this point needs-to be-given. concerning...

*« the use of the handbook for this purpese

~In the section of Space Heating-Active

' Systems, the effects of varying any oneof

the fifteen parameters: of the nominal
standard liquid system are presented in

- ‘detall for six locations within the reglon

L

The standard air space heating system is'

- —presented in the same manner for those

parameters it does not share with the li-
quid system, and the domestic hot water
systern also for those perametere it does
not share with either.

'Thus the desngner mterested m the ef
pararhetere on the perforrnanee of the
whole system should first consult the list
ofhominal design parameters on page 17,
and then turn to the detailed discussions
of individual parameters that. follow.

Tt should be noted here that the design
parameters were- varied singly in the
simulations, holding all qgthers constant.
The designer should, therefore, use care
in varying two or more design parameters
simultaneously, since some of these may
be coupled non-linearly. Any individual
system will, of course, deviate.:somewhat
from the standard system as well.
Furthermore, the effect of parameter
changes has been studied in the
handbook- for only six locations where

hourly weather and solar radiation have

been recorded. The magnitude of the ef-
fect will be different for other localities
within the region. However, the results
for the six cities studied should en-
compass the range of climate within the
Pacific Region.

One of the main purposes of the
handbook is to enable the desigher to
determine the size of the collector array
for an active space heating system
anywhere in the region. The subject is
covered for space heating systems for the

Csix eltles begmnmg on- pege 52 where 11: is.
-possible-for-the*designer-to-size-a-
_heatmg system .simply by uemg the -
tables on pages 53.and 61: For other arels
within the region; it will be necessary to -
use -the Monthly Solar-Load  Ratio
- Method, ‘an explenatmrl of which begins -
. on page 59, with case studies exemplify-
~ing the use of-the met.hod in the Appen-

dix.

" Similar tables and ealculatlene for

determining the size of domestic hot
water heating systems are presented at
the end of the hot water heating section.

Some last words of caution. The ‘ap-
parent simpligity and grass-roots appeal
of solar heetnfg can trap the unwary into-
a poor installation.- Anyone who would
not consider designing a home heating’
system should not blithely launch into a
solar heating installation, particularly of
a complex type. Adequate preparation is
advised and should include a basic work-
ing knowledge of the conventional ~
heating system to be employed in con-
junction with the solar unit. Many books
are available to the individual wishing to -
design his own system. This handbook is .
not intended to overlap the practical
details and hardware considerations in
the now numerous "how-to" books and
catalogs, some of which are listed in the
reference section. -

It should be noted that because solar
heating is a relatively new commercial
field, certification procedures are still in
the process of being developed for solar
equipment. Thus, the builder must be es-
pecially attentive in his choice of equip-
ment to determgne that it will last the re-
quired time and be easily maintained
and repaired. Solar heating systems of
the active type are relatively expensive,
and their cost effectiveness depends on
these factors..

10



rachaticn is "a i‘elat;vely -dlffuse and weak |

-source of energy at the earth's surface, it -

-is preclsely this type of low-temperature
energy which is best suited for space

" heating and hot water heating on asmall *

residential scale. Given the fact that
'present day ‘collectors can retain only
one-third to one-half of the total solar
radiation that falls on them, they are still

'able to raise the temperature Df con-

levels (e_,g 13 -150°F“) in the course of
sunny day. Suc temperatures will not
power turbines pr smelt iron ore but will
serve admirably for heating a house.
Climate i§ A critical factor in the per:
formance of any solaf heating system.
The.Pacific Region includes some areas
ideally suited for solar energy systems as

well as others that present a variety of

problems. For the purposes of this
handbook, the region is defined as the
three Pacific- Coast states, California,
Oregon,

of Southern Catifornia. It also contains
large population centers for which hour-
by-hour weather" data .are available. A
city outside the region, Bismarck, North
Dakota, has been’ included in order to
bravide an example of a cold, northern
climate similar to the -eastern parts of
Washirigtoh and Oregon for which
detailed’ weather data were not yet
available. ' '

The Pacific Region encompasses such
a tremendous variety of climates that it
cahnot be considered a homogeneous
zone. In terms of solar heating, for exam-
ple, the collector area required to reduce

and Washington. Arizona,.
however, has been. included, owing to
similarities between its climate and that

P

11

the consumptmn nf gﬂnventxanal ﬁ.‘lels by-; S

. 50% will vary.by a factor of nearly s

thmug!mut the region.: Moreover, )

“Eaanes of climatic zones wit thin the glcm
.. are not clearcut; the ¢
coastline can change marfeai y within a

few ‘miles op.a few hurld:red feet in

altitude. These and some inland areas B

are subject to foggy conditions at vatious,

~ times throughout the. year.. Highly. .
“variable conditions depeadent on’

altitudes, slope, etc., also affect moun-
tainous areas. Such factors should be

‘taken into account in estimating the per-

formance of a solar heating system. They
imply a detailed knowledge of not only
the characteristics of the climate of the -
gerieral area where the solar heating

“system is fo be constructed, but of the

peculiarities of the microclimate as well.

A useful way, however, to discuss the
climate of the gegion is in terms- of solar
and weather data from representative
cities. LASL has studied the data of 18
cities which can serve as guides-to -the

varieties of ¢climate within the region. Of

these cities, six were studied in detail at
LASL; they are indicated by circled dots
on the map on page 4. The hourly records
of solar radiation and ‘weather data

available for these six cities were used in
the computer, simulations of parametric
variations for solar space heating and
domestic hot water systems, the results

. of which are discussed beginning on page

19. Their general climatic characteristics
can be summarized as follows:
Phoenix, Arizona. The climate is
arid southwestern, although stgnificant -
irrigation has increased the humidity
within the .Phoenix basin. The winter
heating season is short with ample
sunshine and large diurnal fluctuations
in temperature. \

4




: aly }
ﬁ&asun is mlcl it ertends overmast of the

- year due to the lgguam:e of sea breezes

zfrqm the chdPa stream

typlcal of the inland” basm, Wlﬂl the

heatmg season concentrated in the two-

month period of December- January

" when the weather is generally fcggy but

‘not. severﬂly cal .

A ‘Medford, Oregon. The cllmate is
moderate, perhaps the most average of

those studied-in the region. There is con-
_stderable rainfall in the winter months.

Seattle, Washington. The foggy
coastal climate of Seattle is dominated

bythe cold Pacific stream, which results -

in a heating season that is long and cool
without being severely cold. Little direct-
beam scﬂr energy penetrates the humld
foggy atrﬂaﬁphem :

Bismatck, North Dakota. In thls
central contipental climate, the Reating
season extends from September into
June arnd is severe with average daily
temperatures of 10°F in January.
Althqugh there is appreciable snowfall
and blizzards are frequent, the potential -
for solar heating is gobd on account of the
high percentage of posmble %uﬂshme in

! the winter,

" The remaining 3 cities were studied in

terms of monthly weather and solar data.
. They are: Page and Tucson, Arizona,; El

Centro, Inyokern, Los Angeles, and .

Riverside, California; Astoria and Cor-
vallis, Oregon; and Prosser, Pullman,
and Spokane, Washington. They are in-
dicated by dots on the map on this page ,
"and the tables giving data for these cities

. are to be found on page 61 in the section.

on estimating the size of solar collecters
for active systems. " s

=

4 ¢
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I1IL. Design Considerations

Some climatic wnes within the Pacific
Region are clearly more suited for solar
heating than ot hers, either in terms of

overall solar radistion or-in terrms of

In extreme

seasonal or ewen daily patterns. In sorme
areas the goalcanbe, at. best, toreduce
thee costs of conventional heating by

eroough to justify” the add itiomal costof a

supplementary system. In the other
sanny locations a solar heaﬁing syste m
cah be expected to supply the rmajor
source-of heat with gas, propane, eec.
tricity, or wood providing the rest.

Site will also lhave a bearing on which
heating system isto be the primary one,
cases it will deter mine
whet her a solar installation should be
considered at all. Qbscuration by
buildings, trees, hills, .gr mountains
should be studiedto asce'iﬁirl w heriand
how much solar radiation is-lost. Until
legal sun rights are established by
legislative or judicial processes, the
builder should anticipate whether the
site might fallat some future timeinthe
shadow of a .nearby high rise construc-
tion or a growth of trees o -adjgEning
land. Such consideratiorns, as well as
those of cost and technological lirita-
tion, suggest thatslar space heatingin
stallations are besst suited for reside nti al
or small commmercial buildings in rural or
suburban areay, and not vyet for demsely
po pulated hig,)h nse lnner Clly aras
Domestic hot watersysterrs trycontrast,
are both more compact and st effec
tive, allowing a g;rééter" tlexibsility ofins
stallation and gprplication ‘

Whiile cligng(e and site.will b 0t
fect on the percentage
heating desigried for, the ¢ ype of biildiag
copstruction will have a bearing o thee
most suitable solaardesigr U

of Lolax = Paay

Unfort unatel y
for the butlder th esun caxmot be tyamed
on or off at willin any clirniate | thaé ther

= mal storage of solar radiation will be o

feature of all beeat ing syste s titenged o

carry through night-time hours and
periods of cloudingss. Thermal storage
depends on mass’.% storne, cementblock, -
concrete or adobe structures, som useful

‘thermal storage is already in thestre-

ture. This mass is particularly effective
in smoothing out variagtions in imside'
tem perature at locations where the am-
bient day-night ternperature changes are
large, Building mmass is also advan-
tageous forstoring sol ar energy: whichen-
ters the structure through windows.

~ In the Pacific Region the majarity of |
residentialbuilding construction isof the
frame type-—and mobile homes can be
included here—in whi¢h the structure
contains relatively littﬁmass, The ther-
mal storage in such &¥building will be
almost entirely thal associated with. the
active solar heating system. As a water
storage tank or rock bed, it will ususlly
beinsulated frornthe living space so that
heat stored in it can be distributed ac-
cord ing to demand. To some extent, the
design of active solar heating systems
and of conventional systems ps <on-
ditioned by the economics of lightwe ight
building practices and the need tom ain-
tain even termperatures within a strc-
tural enve lope that provides little t her-
nmial flywheel effect of its own.

The first consideration in the ther-
nnal desigmofa building is to minimize
the heating load. For a small, single-
story, well -insulated building, the ther-
meal load ought to be inthe ramge of 8-10
BT per degree -day, per square foot of
flovr area.* The major contributors to
building thermal load are thermal con -
duction through the materials compris-
irg the vuter fabric, and the energy re-
quired to heat the outside air which in-
filirates the building through cracks,
'Ljfl;iiﬁd mﬂhtjda of calulating heat loses (the building
thermal luad) areto be foundin the ASHRAE Handbooks,
list.ed ir the references. A sunmaly of the methodsis tobe

fvu id oo page (52) belw, for both plagmed buildingaandex-
isting by uildings

1 >
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porous wills, open wiﬁdcrwg and doars.

p The infiltration rate can be effectively
reduced by the ude of weat herstripping
around doors and windows and with’

wvapor barriers built into walls, cellings,
and floors, A permissible 1ﬂf11tri3tl@n rat
is usually in the range of one-half to one
air change per hour. Less than this will
lead fost uffiness in normal l3ving shaces.
In areas of greater activity such as
meeting rooms, the infiltration rate will
have to be increased. Adequate insula-
tiow of doors, walls, floors, and ceilings
will reduce thermal conduction;and the
use of double- glaz:ed windows, storm
doots, draperied and insulated window
covers at mgh? will help conserve the
pos itive solar gains through south-lacing
windows duripg daytirne hours:

The importance of these load re;imcmg
measures must be stressed. Finst, they
are usually more cost effective than ac
tive solar hreating, Secornd, the area of
solar collector needed to ob taizra giseny
solar hea ting traction is diredly propor
tiornal to the building load. Colectars
slordge tdn ks, and ruck breds Oecupy
rnore Spa ce within z builduag than con

ven tiohal healing svatems and  the
d&sig’ll should seek.. hold thil dovern co aa
ﬁli[lilll uixl A!:Li, 1flsane ¢ aness L he of .e ot
collector array might bear o aestheuc
con=iderations. Fur these lew, s ouly
after the heating load has bec e daaed
Lly more st el f;\[l\\ mtastress =hould
Al ﬁ‘ttlvg hr:atln; S\ysl,m bes (oo Meted
tor haﬂdlmga poation of whaat rerndim

A ny drialgu up(lxlllr_, att-ut us ually
volves at radeo i between cos € arad per gor
taarice Al =orme poldnl (Iae ealpa poot f
magie bt can be oo e by adding,
mort isotaltclon v oe weall on o ol hig o
creasing asolar - atle Lo san tllen o
t he saviags meuticad I o bvw (Aws s
t Nies ptrful mauve o Llnanry ke o
1=t with E(?”EC-I\;{ alt aind o aenlagoen
faor example

Faor st locaian woaie t9 000 0 0 s
L d,t-z,ajlggl A sular tes g oo oalem Lo

provide for 100% of the hea ting require-
ment, sihce collector areas and storage
volures. meeded to collect and store
eriough heat for prolmged cloudy
weat her would be large ind upwieldy.
Thus in general, a solar heating system
should be deslgﬂed with a-¥ull capacity
auxiLiary heating unit for p eriods of ex-
tended ¢loudiness. This applies, in par-
ticular, to northemn areas w here interior
temperatures must be mala tained in or-
der to protect water lines. Where the

" solar heating systern isthe, primary one,

the use of an efficient wood-burning
space heater has appealed to many as
waod is a relatiwely inexpemsive energy
source in many locations and is easily
stored. It is a remewable respurce as
well—being, in fact, a form of stored
solar energy.

Orace the type of solar heating systerm
has beer1 decided on, questi ons of main-
tenarice and lifet ime should have adirect
hearing «n theselectionand const ruction
of theswstem components. Solar equip-
ment can represent from 5-15% of the
buildmg cost and, therefore, must have a
lifeti me of 15-30 vears to warrant thein
vestinen . The d esigner should pay par-
tteular a ltention o potential problemsin
thie tollowiny areds:

v Accessihility to glaized areas, tluid

line= water slolage tanks

s Ult raviole t degradatiuis and

weathethry  foaling Of estelon sur
faces, and pijiﬂied s Al Acts

. Corrosion in liguid systems

[, the case of acomplex solar bieating

stem, the arnacearis ad vised t, be wvery
doll dnbcsmaed w0 o seek the service of a
commllant wiilh experlece mo (hae tield
betyre com alaile g Plinsel (. a wa)orin
veatraien U Lo addibon he weay Jo well to
have o Paash talke with th ¢owher o rest
dent of a solar Leated building  Most
peop e isvodved i usiny solar ene gy are
very willng tv talk over prublans and

alsares thy wir hizn v ltlihf
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The do-ityoursel! horneowner can
build a greenhouse for as little as $2.50
per square foot . A lean-to greenhouse on
asout h-facing wal lwill provide asignifi-
cant quaftity of heat for the adjacent
house . This sort of systern rmav not a fford
avery high-degree of temperaturecontral
or storage but 15, at the present time, a
very economical way to trap fairly large
quantities of soar rad iation for space
heating purposes, and the construction
techniques
anyvone modera telw skill ed in carpentrs

The installatiors costs of active solar
heating systems are rel atisely high but
allow greater flexbility ot tew perature
control Values of S200 $30 prer squiare [ool
ol collector area dare curilinion fon
professional estal lat s, the entire ae
tive heating svslete for & house tnay ol
frorm $2.(00 to $10.000 at the presefn
time
cormpe (it ton shenl b g Che €osts (dow
the ful wyee and dat

M ass p;'ﬂd vt lon and  loaie ased

sorlewhat 1

Vol h(‘:“ ilxﬁtélll Al W l” ;\‘Lillt, o labo
Cousts 4
kjvﬂh“l\xél_SX.a Loy s atl s don s

pé"féﬂuh i'()[i[!ulxtj})g; e N 11l [ il
tall s L e whesre o boelorcizi g e o=l o tled
Sl)t;\t‘ }{UWE\EI 1lcii}ltﬁ Ftherr corl to
poerfor ola Nee o haozac e L e e el
cdelt HE‘E:U-éfli al b prvoocesl Ui,

[ e luLinl crwicliiatlen oot o T
Lotwweon the oo o Lo Callar o e
and (hee g utias soat ol be Doelaan 1,
tle solar b alys g, ooz Larrngg 1t i1
ticipated lifetinoe Onenat-talso oo
Lan oprsnedling oo tulcaaa, o eln | paa
Curaa A falt Ioewn fUl ven w0« Dyealin, .
the ool slesd lie all T O the oL 1o
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The annual capital fiked charge rate is
simply. the value of the capital to the in-
dividual. It may be the interest rate that

the capital would be earning if it were in-

vested rather than used to install the
solar heating system, or it may be thean-
nual cost of a loan made to finance the
system installation. For example, the an-
nual fixed charge rate of ah eight percent
twenty-year loan is 0.1004, as determined
from banker's tables or formulas,

The annual energy delivered by a
"standard” active liquid ,or air space
heating svstem can be estimated from
the data presented inithe table on page
10 for 18 cities in the region. It will be
noticed that the smaller the solar heating
avatemr. the more heat it will deliver per
square loot of collector, largely because
the smaller svs®m will be running at full
capacity more of the time.

A samnple calculation will help 1l
lustiate the use of the formula In the
sample let the following assumptions be
made. '

#5900 Inslallad coola al 31D o
square foot of collector This s a
tatrly 1ow figare for annact ¢ syvseeIn

- Aunual capital fiaed charge rate at
010 representing a 20-vear loan at
M luleresl

SOpiraling weatntoate o abed a@pals

vosle al 2% per vear of naotallod (ont

Pt | S G & 19

Anstal v, BT O VO T UTEE I PR SR pPen

Bicatlng sy o ean wgial te 162 o000 B LU

per vear per square root of coliector

alye Ilt:;\ll\ {hsat J;.!Altjh;:ntﬁ the an

CodpCod ped i tience ol a D space

boeatlaog syvstan 1o L os Angeles,

Calitoin

o fronn ll.. | S R
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we obtain
= %111 ; per mi!g(m RTU for the costof St)iar heat.
. Y

How does this hypothetical figure com -
pare with competing energy sources”
Natural gas and electricity costs vary
widely throughout the country but, at
present, they are generally lower. For ex-
ample, if natural gas is $1.50 per 1,000
standard cubic feet and is burned in a
furnace at 60% efficiency, then the
delivered cost of heat is roughly $2.50 per
million BTU. If "electricity costs J.5¢ per
kilowatt hour, then the cost of electrical
resistance heating 1s $10.25 per million
BTU.

In many
systerns of the active type are nol a=com

Inslances . solar heating
petitive with natural gas as they are with
propane or electric resistance heating
systerns. However, uatural ga. is not
avatlable m many areas and s becomng
scarce 1 others reduclng s tse axa com

peling muulte U 1a

alternative tuel
reasoilable o asaum o that the s one ot all
sources of fosaal energ . will rise The an
certaluty 1s iy honw u.ach: Aisla
) PO PIEY | \ntll])t’l“}:ﬂg al g

et i favor of solat [;gqlwigldg:

pethiaps L.

Fhe tormade gloen avove does oo
inlo account 4 nuiaber ol oluér oo
altec U 1te o le

Aatderations whilvh an

Lunla l}uz sl 1es Do these  nmndora

[l can bhe tl[kull !-_a:.ll\;j IR R TEFES ) i) R
and s wlde | i s s bade © alan
The wili IS T 0 SUFU R P T

businie s= thoay for T

id u:s“'\ [
1 dividaald

posilive cunldaravio i, o sl an

coenlly em oo granls which vaosy he ool
h,\ Alale oo toderal Lo fodn 01 o
Lerent pors ovnla bisy oo ladllig oo e i

federad Laovaae tiac, arnd Lo

CHpu Lede [l T

l,if[!lt‘\ Pallon 1
IlL‘gc!li\C ol bodovre e ot it [a=
E\'alllr;illhlll‘o Y O TR PPV TS FIUEY B PO PN i,

the ability

gi{ din o Taey o s PRI
E)Lj:‘l;!{_fhij L AR W S A
A method stnaba O e

oAl of solar Beat oo oo b atheeo
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include a forecast of t he annual increase
in conventional fuel costs is the

nomograph on page'(9).* With it, one
can select a bregk-even time for the solar

. heating system, the type and cost of con-

ventional fuel with the forecasted annual
increase, and the energy output of the
solar heating system. From these figures,
one can derive what the system must cost.
in order to provide the desired breakeven
time. An. example is plotted on the
nomograph by the dotted line.

e The solar heating system s to break -

even at ten years.

e Electricity is assumed to be priced at
2.4¢ per kjjowatt hour, with an 8%
annual incrgase.

e Useful solar energy is assumed to bhe
120,000 BTU/vr per square foot of
collector area.

R%.

« [he
H o . N =]

tenauce cost is assumed to be 1%.

sular healing avsteni main-

From these figures one derives a $10
pet square oot system cost goal on the
nomograph The nomograph is intended
(e be ljlll}’ Hustiative of the rule of the
Ve lous coats prices, and performance

factors that determine the economics of

' hul; l(i }JE‘

and used

nult;ll

Leating
faue ur\lmgl}/
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Hee Buabdings Gs=A s quoed by 3 D Ma,o ok 800a
Farergy  The Oudiwk for Widenpread Coannerchzanon of

=adar Heatling an | Ul

FLRL AL

\



Energy Utllized, BTU x 10112 collector/year
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. .
Annusl Energy Delivered by a
Space Heating Solar Enerp System*
. - 7
Annual net energy delivered per
. square foot’of collector, in
millions of BTU/year fi!
Solar Heating '
Fraction
» _ _
25% 50% 5%
‘alte - - - -
Arizona RS
Page 0.212 0,450 0.115
¢ Phgenix 0.132 0.104 0.078
Tueson 136 0.107 0.080
Califormia - v “
Davis =~ .  0.124 0.090 0.062
PL Centro iy 0.1 0,150 0.106
: Fresao e Fel22 0.087 0,060
Invokern 0).205 (0.1m4 0.110
Lim Angeles U214 .182 0.1
Hiverside 01786 0 137 0. 100
Santa Maria {) 262 (211 . 149
Uregon )
Astorfea U 16 UoLEd 00743
Corvall, NEY 0,094 0)_064
Medlord 0 L3 0 094 061
Nashingt- .. .
Prasser THE () (o (V57
Pullman 134 '1'17;098 - {1 066
Kichlana 1) 148 IRTQ]] (),()63
Seuatlle 121 0081 0051
Spathar. REL 0 1 0 e
teisd the s . ajepls oo ehtatig ol wtlallabon 1o [

e £ aeflt ed based on e oo aathily Solar lgtaj Hatio method —an explanatioan ui which
begiha v page 39 [Ta donestl hot walér system 18 added 1o 8 space heating system, as
deponbed un page 66 then the annusl energy delivered may be substantially increased
anice the solar collectorsafe in use vear sround. In one émmple { for Alhuquerque, MM ) the
vield was 1ncreased traog 0 225w 0 261 rﬁllll\nn HTU/yr- fi! I ancther example fur
Madieom WHI the vidd was mcrease d fron, (! 1534 1. O 180 fi\l.'lllws’iBll ivr it! These results
depeid L conare oo Lhe telative atze of the two loads
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Flat Plate Collectoxrs. A flat surface
painted black, enclbsed in a ghazed box,
and orlented and tilted properly in rela-
tion tn‘tl;%f*sun will trap a considerable
amount of - solar. radiation. But solar
collectors must do more than collect.
They must also move the heat out of the
c8llector; an® it is the nature of this heat
transfer function, and specifically
whether the heat transfer medium is air
or a liquid, that will dictate the form of
much of the remainder of the heating
system,.

All of the collector types shown on this
page, with one exception, use black-
painted metal as the collector surface to
absorb the solar radiation In liquid
collectors. the heat is removed from the
surface hw a liquid pumped through
tubes or ducts attached to the surface or
dribbled down corrugated metal troughs.
Similarly 1n air collectors., the air 1s
blown the collector
through laminations of metal gaucze

AC ross surface of
At the low tempe ratures used for spa. ¢
heating vr domestic wates heating tlat
plate collectors of eicher type, hyuid or
air . work with seasonable efficiency and
are relatively casy to construct Conve
tive losses are casilv reguced by a
tran=parernt unlla“}/ vnle wr v

l:ﬁ}"tl‘ﬁ of gl'ﬂ,!ﬁﬁ: asd conduction lusaes

Cover,

through the collector back and sides can
be cut down by Insulating chese suTta. es
It inay be of use to reduce tadlation lossc..
by means of a selective coating on the ab
sotber suiface, that 15 a svating with o
high absorptance fon thie solar apectivm
and a low emittane e oo e ttrared 1¢
radialion spectour
Collector efficiens . 0 L il

the coll

(heratlo of bical rensn, ed ton

tor by the heat transfes wedlun,  h
collector coslant divided Ly the Indlaent
tadiarion No
as the ratie o+ depen

Al h a -

solar sluhlc uadihier
results, howeéver

deril on a \ii‘ll’it‘[) ot condition .
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coolant temperature and flow rate, the-
magnitude and angle-of incident solar
radiation, and the wind velocity. It isalso
dependent on the design parameters of
the collector itself.

But collector efficiency can be
calculated by performing a detailed heat
halance on'the. absorber surface and on
each sheet of glazing, which will account
for solar and infrared absorption and
radiation, convection, and conduction ~3~

of conditions is shown on page 12. It is -
convenient to plot efficiency as a func-
tion of the parameter 2T/

Average Collector Ambient
A1 Surface Temperature ~ Temperature

| Incident $olar Radiation

COLLECTOR TYRES-
WATER HE ATERS
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Hack plais 13 A waldnd 1o Dot thaat QEj
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" Tubws boded o appar . \Ej)l 'Egiu@.,a thaats \E)

srfach of block phots | 4, " lavieesd fogatte e

5 s

) Flal plaigs -dimpled ard ,;0 !
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Reflectors. The amount of solar radia- =,  serious problem, can be dealt with in a
tion striking a collector surface can be .°  variety of ways using special materials
considerably increased by reflectors, and techniques,
thereby allowing one to reduce the size of . .
the collector array. An area of white ‘ .

gravel in front of a collector, for example, %  pLATPLATE SOLAR COLLECTOR PERFORMANCE MAP
will reflect a certain amount of radiation
into the collector, as will snow, though
more diffusely than sheet aluminum, or
mirrored surfaces that can be mounted.
en movable panels. ‘

++ Recent analysis indicates that the
patential advantage of reflectors is sub-
stantial. A vertical solar collector with a
horizontal reflector in front of it should
perform substantially better than the
same collector tilted at the .optimum
angle without a reflector In addition, the
seasonal variation in solar radiation inci

a o«
——Good flat black paint 098 0©B89
-=--= Selactive surface -090 0l0

IDG'}"@F h N T T | S S A |

1=3008tu/h 112
Tqmbient = 40°F
Wind velocity = Smph

[ ——

PR

Hedt Ramowad by Coslont

W

T Incident Sobl)Emamy
Lo x]
[
=

I

Efficiency

Numbar of
[ glass covers

Lol ol £'e

: ; LSO , © o2 o4 06 0B
dent on the collector 15 completely At e
a1 ( 2

.
o

p

NN
% b

changed with a reflector , 1 \Btu/h ft
Heat I'ransfer, Collector to Storuge )

The most desirable medium to transte; ?

heat from the collector surface to the :

heal storage aica would be one that s

stable, non treezing  noa botling  nea

corrosive, non flanm.able  Inexpeasihe

hotn viscodds  pon toxle 1nal enelgy 1o

tensive, and with a high . pecitic heat wnd L E

thermmal ebnductivity Alr satisfies  all

R TUREE PRV S I I | Faisla

these requlremnents ea. spt the last o
and rulnor leaks catse Lo 1ncon enl. e

Water has inany destrable  charad
tertsties ams woll Hooever 1t o czes al
fEl::iIi'\/i:l‘ Ligh tonpreralut, \l;nll;s aioa

telativel low  wnse and T IO R

}:lul:lthm Bl ot} ("\ Clio g 4 oan
ocedr Ih al.nost Jlareas ol he tegton and
provlalogs shoultbe madat o thin even 1
areas where freezing is infrequenc or o
lt::p[lsxl,ln,l Colleators con be ii(;:alglgc‘l [

dralic at aight oo hesever the o

ptﬁ[ﬁlu(t AL pa !.t;L \ é'sl'tjl(uiu Pinal
thiev caa be ‘icﬁiguc‘i with  conlent
passages lal . an tolerat. the tAajratind g
caused L:. frecang, Shntle 1 protadtlon
agalnal Loding car e oo tde T diain
g thie colleatins o0 by pacsandaiag th
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Many different liquids have been tried,
but all have been found deficient in some
category. Ethylene glycol/water mixtures
are now in common use, but like other
fluids besides water, require a heat ex-
changer between the collector coolant
circuit and the heat storage water tank.
They also require corroeion  protection.

collector of 500 square feet plus the pip-'
ing to and from storage can amount to, as
much as 30 gallons. Toxicity is of par- .
ticular importance when a/system In-
cludes domestic hot water heating. LASL
is currently evaluating a number of
“fluids, among which a class of light
paraffinic oils show promise. A summary

Expense is an additional factor to be con-

of the characteristics of collector coolants
sidered as the volume of a typical liquid :

is presented below.
. * i N

i - -

Thermia 15
Paraffinic
0il

UCON (Polyglycol)
50-HB-280-X

85% Ethylene
GlychSter

[ -

Water

33°F .-
10°F -35°F

Freezing Point 320 F
Pour Point
Bailing Point
(@ Atm, Press

A\ Carrosion

Y Flaid Seability
Flash Point
Bulk Coat (§/gal)
Thermal Conductivit,
(BTU/HR *F@ 100°F) Ol
Heat Capacity
(BTT/LE °F @ 100°F) i I
Viscosity

(LE/FT HHR w 1uu )

700°F
Non-Corrogive
Good*
‘ 455°F +
1.00

600°F
Non-Corrosive
Good**
500°F
4.40

Zbh-l
Not CGlival e

None
235

Ul4 (.76

(P11 40
1 o I 285 1431

iRE\[UiFE‘! an twolated woid capanc . ks . saak ,Amlizg vdick Lo pas venl sludge [OTis

tion

Uuptatns a shadgs Dot it

13




Q

ERIC

Aruitoxt provided by Eic:

) Heat Storage and Distribution for
Liquid Systems. The common thermal
storage medium for liquid systems is
water, usually held in a large basement
tank and insulated from the living space

of the building. The size of the tank is

directly propoitional to the collector area
for the percentage -of solar heating
desired. For example, a system designed
to supply 75% of the heating load of a
15,000 BTU/degree-day- house in Med-
ford, Oregon, would have a tank capacity
of 1,680 gallons which would hold enough
heat to carry over approximately 22
hours. If water ig -the heat transfer
medium, the storage tank water will be
heated directly, and indirectly through a
heat exchanger if other fluids are used.
coiled section of tubing, usually copper,
immersed in the storage tank water or
wrapped around the external suitace of
the tank; or it may be an external heat
exchanger requlrinng an extra pump to
move the tank water through the ex
changer.

It order 1o Gansicr Loatl frons sloaag
to the bullding heated water 1s putnped
fronm 1Ne tup of the atorage tank thnough
a second (llquid (o alr) heat eaclianger a
finned tube ol over whitch = blown ool
teturn alr draws troa the Tving space
The air re-enters che living space tnrough
reglaters shown n the dlagrann on page
15 Alternately e Leat can be dis
tribuated to the I g pace sl oo en
£ llhuugl.

vihivesloga

tiunal preriie et

i!ﬁ(lnﬁill}, al avine Lo o podda, e o A

radiant heat distobion ayvstern sonld

also be ased

|5 UNY S TR A ST Y T T
Y B A - FT T Foooane vete s 0 thie v
aaut thermal coor. pe s o a0 dall

b f1at sized 1ok vualle o acc ] e

with a wale, tank, 11 o b coenl [
and tnoudated tron, b Iy fage s jeed 4
sal.e Loown

Y T O |

TR uk
inYe aolar asrtens a0 i

Bl ‘degr.e day i v

Oregon, would require a rock bin of 700
cubic feet, containing 32 tons of rocks.
Problems of leakage and accessibility are
not nearly as critical with rock beds as
with water storage tanks, and they do not
require ~maintenance. Rock beds are ef-
ficient heat transfer devices. The air
gives up its heat quickly by flowing
through the labyrinthine. paths;, as a
result, the rocks near the air entry end of
the rock bed can be at quite different
temperatures than those near the exit
end. This makes for a certain respon-
siveness in retrieving stored heat and
compensates to a great degree for the one
disadvantage air has as a heat transfer
medium-—its low heat-transfer coef-
ficient. _

An air system, of course, does not re-
quire heat exchangers of the sort used in
liguid systems except In cases where
domestic hot water is to be heated or
preheated. For space heating, the hot air
teom the collector is blown directly into
the living space; or for storage, into the
rock bin as in the diagram on page 15. In
terms of mechanical assistance, an active
alr system requires only one fan and two
double dampers. As soon as the collector

temperature exceeds the rock bed exit
ternperature  (left  side), +the collector
turn= on (blower on) with dainper € in
the position shown. 1f the living space re-
quires heat, damper H s In the position
shown When there 1s surplus heat from
the collector Jdamper H moves Lo its up
jret pimi(luu dliecting the heat 1ato the
toct bed  When heat
stutage at night or during coudy periods,

is needed fiom

datuper H remalns in the position shown
with dawnper Cnits upper position This
Liowa alt theoagh the rock bed 1 the
rev e ditection froa storage thua
Leniot g, heat fron. the warm (righ o s1de
ot (he tock bod first An auxihary fur
tew e o owith the lgurd syotem above, 15
salisty the

apelated s necessary  to

remados ol the heatin,, Toad

—
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Liquid or. Air? In terms of perfor-
mance there is little to choose from bet-
ween liquid and air systems (Graph,
below), based on the nominal parameters
selected for the two "standard" systems.
One could change the pdrameters
slightly to give a small performance edge
to either system, but the actual choice
between competmé desigh concepts will
more likely reifn considerations othey
than those of performance alone.

Air systems may offer cost advantages
in new installations’ by virtue of their
greater swimplicity and will probably be
cheaper to service and repair. Unlike li-

_quid systems, they need not be entirely
leak-proof and there are no problems of
o L liquid, degradation or corrosion.
lg:j'l"e': T;E;tmq E\;vtga:g;e / g:&?;u ;i;ﬁ On the other hand, air ducts and rock
o . o - €  beds are bulkier than pipes and water
tanks and so may not be as adaptable to
retrofit situations as the components of a

Zwmar storage tank

SPACE HEATING 5VSUEM LAING liquid system. A 1,680 gallon water tank

LIQUID HEATING COLLECTORS of 224 cubic feet, for example, will store.
‘ - as much heat as a 7 foot by 10 foot by 10
. ) foot rock bed of 700 cubic feet.

CUMPARISUN OF AIR AND LIQUID SPACE
HEATING SYSTEMS IN FRESNO
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Liquid systems offer advafitages in
terms of integrating domestic hot water
heaters and are, at the present time,
more adaptable for solar cooling. In addi-
tion, because they have received greater
- attention by designers and by industry
during the recent rebirth of interest in
solar energy, liquid system components
are currently more readily available,
However, air-heating collectors and rock
beds were among the earliest systems
built, and ‘they can be expected  to
proliferate as their good performance
characteristics become more widely
known.

Heat Pump Auxiliary. A heat pump
formance of either a liquid or air system
hut adds complexity and expense. A heat
paump works on the principal of the
household retrigerator or alr conditionel
and
punents !
and a closed loop of a vapor that is pum
ped through cycles of condensation and
a heat pump

conslsts of the same comw

an electric motor, compressor,

evaporation Essentially
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transfers thermal energy from a low tem-
perature region to a higher temperature
region using an electric motor.

In its solar heating application (see
Diagram, below), low-temperature solar
heat is applied to one side of the heat
pump system and causes the condensed
vapor to evaporate. The compressor then
raises the pressure and temperature of
the vapor which, when next condensed,
gives off heat at a higher temperature
than was provided. When the tem-
perature difference is less than 30-40°F, a -
good heat pump can provide around 3
BTU of heat at a high temperature (160-
180°F) for every BTU of energy the com-
pressor uses—and thus has a coefficient
of performance (COP) of :3.

The use of a heat pump is'particularly
attractive in a situation wheré summer
cooling of a building would normally be
handled by a conventional air-
conditioner. In its place, a reversible air-
conditioner can be installed at a small
additional cost to function as a heat
pump during the winter heating months.
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Design Parameters for Liquid Systems
; ~

Standard Liquid System. In order to sent state of the art. Current design prac-
determine the quantitative effect of any tices and manufacturing processes in-
one component or feature of a solar dicate what is possible, and within these
heating system on the performance of the conditions one can determine quan-
avhole, it is first necessary to establish the titatively the range of performance and
design parameters for a reasonably good the cost effective optimum within that

- system consistent with cost and the pre- ’ range.

THE STANDARD LIQUID SYSTEM

Values of parameters used for the "standard” solar heating svstemn using liquid heating
solar collectors, a heat exchanger, water tank thermal storage, and forced air heat dis-

tribution system to the building. The values are normalized to one squate foot of collectar

(fth).
PARAMETER: NOMINAL VALUE:

Solar Collector

1. Orientation Duesouth

2. Tilt (from honizoutal) Latitude + 10°

3. Number of glazings : 1 '

4. Glass transmissivity (4l nunisnal madsace) 0 86 (6% absorption, 8% retlection)”

5. Surface absorptance (svlar) 098

6. Surface emittance (IR) 0.89 .

7 Coolant fluw rate x specihic heat coulant 20 BTU/hr °F ft2**

8. Heat transfer coefticient to liyuid ,éD BTU/hr °F ft?

coolant :
9. Back insulation U al.,e 0083 BI'U/he °F 1ud
10. Heat capacity 1BTU/hr °F 1
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The "standard" liquid system, whose -

parameters are listed on page 17, repre-
sents a good average solar heating system
of its type. It consists of'a metal flat plate
collector, a water storage tank, a heat ex-
changer, and forced air distribution to
the living space. The design parameters
for these components and othet features

“of the system were selected by means of

computer simulations in which each
parameter was varied singly in order to
obtain a value for which the solar perfor-
mance is optimized or nearly optimized.

Given, then, the nominal standard li-
quid system as a whole, one can proceed
to vary each one of the parameters singly
through simulated yearly heating loads
determine the efféat of such variations on
the performance of the system.

This has been done for each design
parameter for Seattle, Washington;

Medford, Oregon; Fresno and Santa

Maria, California; Phoenix, Arizona; and
Bismarck, North Dakota  for "solar
heating design years © The design yeal
for each ¢ity was established by running
hour by howur simulation analyses on 10
to 12 years of data for each of the cities
The design vear for each is the vear that
most closely corresponds to the pruilp
average in terms of the solas heating frac
tion. The design years, Ll degree Lii:i}/

1
TR
- July 1
Y s [REHTE
}hv‘:-‘lu (2K
Medn oo 6]
Sealtl [436 4
Hiaman 143

3T U /yr fo

values and solar radiation data for these
desigh years are shown in the tables

following. ,

Each parameter variation was dome for
two different building loads which were
selected to give 756% and 40% solar
heating fractions for the nominal values
of the parameters. Collector size, an im-
portant parameter, is treated separately
in the section beginning on page §2.

For eath calculation, only the
parameter under study was varied;
therefore all of the complex systern in-
teractions which result from changing
that parameter have been takeninto ac-

Tount.

The results of these calculations are in-
tended to give information on trends of
solar performance as a function of
parametric variation, rather then be
taken as absolute results. No actual solar
heating system will perform exactly as
parameters were varied singly to deter-
mine their individual effect on the
overall performance of the system, care
should be used in simultaneously varying
two or more parameters, since some Of
them may be coupled non-linearly. If
one simultaneously varies two or more
design parameters to any significant ex.
tent, it may be that the net change in
performance (compared to the standard
system) will be different than the perfor.
mance estimated by changing the
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nce predlctmn far

"The results of the ccmputer su:nula- -
' t:uﬂs are to bé found below in two forms,

First, . in summary f_onp for .each

parameter; and, second, if detail, with

.. the results plotted on graphs.

7. Since there are twelve curves on some

. of the graphs, that is, two curves for each
- of the six cities, one for the nominal 75%

solar heating system and one for the 40%

~~-gystem, their order from top to bottom on - -
the graph is indicated by the order of the

~list of cities on the graphs. For example,
if the first city listed is "MD," then the
top curve of the set is for Medford, and so
forth. - Fifteen parameters have been
studied for the standard liquid system..
Parameters one through six and nine are
the same as for the standard air system, a
- discussi®h of which begins on page 45.
In brief, the effects of changes in
design parameters for the standard liquid
system can be summarized as follows.

1. Collector ()rmntatmn Optimum
*  orientation is usually due south.
Variations east or west of up to 30°

reduce performance by only 2.4%"

to 5%, but larger variations can

.. reduce performance substantially. -

I T I

fmé' _addmg up o
iges. A separat;c:v L
1'may be needed for

" 925% in Bismarck.

v ’redueed by mﬂy 5% by the use Df
.. double glazing in Phoenix but by -
,(Same for st_an-;

dard air system.)

. Collector -Glass Trnnsmlssiv:lty :
- Improving glass. transmissmty by
. 6% by the use.of "water white"

glass should in¢rease the annual
solar heat collected by 2% to 5%,

. depending on the site. Improvmg ,

o0

(Same for standard air system.)™" -

2. Collector Tilt: The optimum tilt
angle will range from latitude plus
10° up to latitude plus 25°,
depending on climate. Like orien-
tation, small variations from the
optimum have a small effect.
Variations of more than about 20°
can substantially reduce perfor-
mance. (Same for standard air

~ system.)

3. Number of Glazings:

Justification of the extra cost of

double glazing will depend on

climate. Collector area can be

10.

11.

27

. Collector Sm'fnee Abwrpta'n

. Collector Coolant Flow

reducing glass
d have an even

transmissivity by
reflectance shyg

great.er effect (Same for standard _

Surfaee absorptance should nat be
490%. (Same for standarﬂ
)

air syst

. Gollectbi- Surfaqg Emittance A

the requlred collector drea by 15‘%
in the warmer climates and by up
to 38% in the colder climates such
as Bismarck. Surface durability
may be a problem. (Same for stan-
dard air system.)

Rate:
Although not a critical design
parameter, the flow rate should be

- designed to obtain a coolant tem-

perature rise of about 20°F under
peak conditiensy >

. Collector Heat Transfer Coef-
ficient:

A net effective heat
transfer coefficient greater than 10
BTU/hr °F per square foot of
collector is adequate to achieve
near maximum performance.

. Collector Back and Side Insula-

tion: U-values of no greater than
0.1 should be integrated into the
collector system. (Same. for stan-
dard agir system.)

Collector Heat Capacity: The
collector design should’minimize
the mass of metal and the fluid in-
ventory in the collector..
Distribution Pjpe Insulation:
Collector-to-storage distribution

19
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"achieved.

" *"13. Thermal Storage Heat Capaclty =
' Thermal stnrage for much more

the yea,rly system pe:formance :
very much, but fairly severe-per-
formance losses are predicted if
' the storage provides less than 10
 “BTU/M? °F (1.2 gal of water/ft).

14. Heat Losses From Storage: If the | |

storage tank is located within the

ﬁepﬁ mcep- . A

N located i

15,

P

detnmen@l than.if the tank is

::hwng space, hem; losses are fa: less o

tside the living space, in- .
which - case: losses. can’ be -severe .
.without. substantial insulation. - " "=
,,Desigmentér Temperature: As: .«

the design water temperature is

detreased, the required air flow in.
~ the building!is increased with an =
"increase also in solar heating pér- -
. formance—but at higher. capital .
- and operating costs. Distribution
by means of baseboard cﬁnveﬂors
is less effective than by forced air.



S tor fh-iantntion A due south’ . .cities than for the warmer southerly "
: pnantatmn is near optxmum for all six.. ~ ones, but variations of up to 30° east or-

-- | cities studied. The decrease in' perform- -~ .. west reduce performance by anly 2 4’%{)11 S
_“ance for variations from due south is. = the’ average, or 5% at the most. .
- somewhat greater for the colder northerly : . S e

| Heat from Solar

|
!

~*Percent of Tota
' T~

ﬁ’ 0 SDTI.-_I
_Collecter ‘Orientation, Degrees

29
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2. Culleetor Tllt Celiectﬁr tilt angle

~ is an important design consideration.
- Cominon practice isto use a tilt equal to-

" the Iatitude of the: site plus 10° or 15°,
.Clearly latitude is important; however,
the optimum tilt will also be affected by

+'the monthly -distribution of -the heating -

load—whether it is concentrated in a

- short period of two or three months or
-gpread out over half the year-—and by the

- solar ‘heating fraction. It is important to
—note that the curves have a relatlvely flat

L

—
i

"_f'

W'i\. :

‘maximum. Tlus means that major devm- ,
tions from the optimum tilt have only a. .
minor effect on performance, . L
Many other considerations may play a

more important r